Scrophularia deserti DEL (Scrophulariaceae), commonly known as afinah, zetah, jar, and maseelah in Saudi Arabia, is used as antipyretic, a remedy for kidney diseases, cardiotonic, hypoglycemic, and diuretic in typhoid fever, galactorrhea, leuckorrhea, throat diseases, inflammation of mouth, lungs, large intestine, bladder, and heart, and as a remedy for tumors, abscesses, cancer of the lung, goiter, and aching bones.
1) It has also been reported to exhibit hypoglycemic activity in normal fasting and alloxanized rats.
2) A literature survey revealed that no phytochemical and pharmacological work has been done so far on the plant. We report two new iridoid glycosides, scropolioside-D 2 (1) and harpagoside-B (2), along with the three other known compounds as scropolioside-D (3), 3) koelzioside (4), 4) and 8-O-acetyl-harpagide 5) from the aerial parts of the plant. The structure activity relationship (SAR) showed that scropolioside-D (3) and harpagoside-B (2) were the most active among all compounds tested for antidiabetic and antiinflammatory activity, respectively. ). The UV spectrum exhibited absorption bands at 216, 222 and 280 nm characteristic of an iridoid enol ether system and cinnamoyl chromophore.
RESULTS AND DISCUSSION
3) The 13 C-NMR and DEPT spectra 6) showed 36 carbon atoms for the molecule consisting of four methyls, two methylenes, 24 methines, and two quaternary and four carbonyl carbon atoms (in total C 36 H 40 ). The sequential assignments of protons and carbon atoms were made with the help of 1 7, 8) which indicated the sugars to be b-D-glucose and a-L-rhamnose, respectively. Multiplet patterns and coupling constants of anomeric protons confirmed the b-configuration of glucose and a-configuration of rhamnose. 7, 8) The H-1 of the aglycon exhibited long-range couplings in the heteronuclear multiple bond connectivity (HMBC) spectrum with C-1Ј of the glucose unit; H-6 correlated with C-1Љ of the rhamnose moiety, which indicated that glucose is connected with ether linkage at position 1, and rhamnose with position 6 (Fig. 1) ( Table 1) .
The assignments of glucosyl and rhamnosyl protons were also made with the help of 1 H-1 H COSY experiments start- 
6.43 dd (1. The long-range couplings in the HMBC spectrum also confirmed the above assignments. H-1Љ showed a correlation with C-2Љ, C-3Љ, and C-5Љ; H-2Љ with C-3Љ, C-4Љ, and C-9Љ; H-3Љ with C-4Љ and C-9Љ; H-4Љ with C-3Љ, C-5Љ, C-6Љ, C-2Љ, and C-7Љ; H-5Љ with C-4Љ and C-6Љ; whereas C-6Љ (Me-6Љ) exhibited a correlation with C-5Љ and C-4Љ, confirming the assigned positions of the rhamnosyl protons. The methylene protons at C-6Ј in the HMBC spectrum correlated with C-5Ј ( Table 1 ). The location of two acetoxyl groups and cinnamoyl moiety were also confirmed by the downfield shift to H-2Љ (d H 5.38), H-4Љ (5.17), and H-3Љ (5.42) of the rhamnose sugar from 4.08, 3.56, and 4.12, respectively 9) as also observed in scropolioside-A isolated from Scrophularia scopolii. 10) The spectral data of compound 1 were also compared with those of scropolioside-D, an iridoid glucoside, isolated from Scrophularia ilwensis, 3) which showed a close resemblance, with an additional acetoxyl group at position 6Ј of the glucose moiety. The COSY spectrum showed correlation of H5b (d H 2.52, m, W 1/2 ϭ11.0 Hz; d C 37.56) with H-6a (4.03, d, Jϭ8.5 Hz, 85.47) and H-9b (2.63, dd, Jϭ9.5, 8.0 Hz, 43.66), whereas H-9b was correlated with H-6a and H-1a (4.96, d, Jϭ9.5 Hz, 95.77). The positions of these protons were also distinguished with the help of long-range correlations in the HMBC spectrum. The nuclear Overhauser effect spectroscopy (NOESY) spectrum exhibited a correlation between H-5b and H-9b, and between H-1a, H-1Јa, H-10a, H-7a and H-6a, but there was no correlation of H-5b and H-9b with H-1a, H-1Јa, H-10a, H-7a, and H-6a. Other important NOESY interactions are given in Table 1 . The structure of compound 1 was thus elucidated to be 6- ). The UV spectrum exhibited absorption bands at 216, 222, and 278 nm characteristic of an iridoid enol ether system and cinnamoyl chromophore.
3) The 13 C-NMR and DEPT spectra 6) showed 25 carbon atoms for the molecule consisting of two methyls, two methylenes, 17 methines, and three quaternary and one carbonyl carbon atoms (in total C 25 H 27 ). 12) Further, the C 10 -Me was displaced downfield at d H 1.55 in compound 2 due to the presence of cinnamoyl unit at C-8, which is compatible with harpagoside, where the C 10 -Me was shifted downfield from d H 1.27 to 1.45 on acetylation of C 8 -OH.
5) It was therefore concluded that the cinnamoyl moiety in 2 was connected with the ester linkage at position 8. The chemical shift of proton and carbon atoms of the sugar moiety were compared with the values reported in the literature, which indicated it to be b-D-glucose. 7, 8) Multiplet patterns and coupling constants of anomeric protons confirmed the b-configuration of glucose. 7, 8) The H-1 of aglycon exhibited long-range coupling in the HMBC spectrum with C-1Ј of the glucose unit, indicating that glucose was connected with the ether linkage at position 1. The methoxyl protons exhibited a long-range coupling with C-6 in the HMBC spectrum and thus could be placed at position 6. C-6 appeared downfield at d C 78.13, indicating that it was connected to methyl group through an ether linkage. Had the methyl group been absent, C-6 would have appeared upfield near d C 77.4-76. 4, 12) substantiating further the location of the methoxyl group at position 6. C-6 appeared downfield (d C 78.13), indicating that the methoxyl group was in the borientation as also seen in several related compounds containing the b-orientation of the methoxyl group. Had it been in the a-orientation, C-6 would have shifted upfield near d C 73.9-74.6 ppm.
12) C-1 appeared at d C 95.10 in 2, indicating further that C 6 -OMe was in the b-orientation (H-6 would thus be a). Had C 6 -OMe been in the a-orientation, C-1 would have appeared downfield near d C 100.6-101.0 ppm as reported the literature. [12] [13] [14] Moreover, in harpagoside and harpagide, C 6 -OH was found to be b-oriented, and hence C 6 -OMe in compound 2 would also be b-orientated.
11) The proton signals of 10-CH 3 showed correlations with C-9 and C-7 in the HMBC spectrum, which allowed placing the methyl group at position 8 (Fig. 2, Table 2 ). The 10-CH 3 group appeared at d C 23.17, indicating it to be in the a-orientation; as in oxygenated C-8 epimers, it appeared near d C 23-24 ppm (lower field). In contrast, bMe-10 is displayed further downfield (above d C 24.0 ppm) in C-8 oxygenated iridoid glycosides.
12) The NOESY spectrum showed a clear correlation of Me-10 with H-9 and H-1, indicating all to be a-oriented. There was no such correlation of Me-10 with H-9 and H-1 in NOESY spectra of harpagoside and harpagide, wherein H-9 is b-oriented. However, there was a correlation of Me-10 and H-1 (both a), but not with H-9. It was therefore concluded that H-9 in compound 2 was in a-orientation.
The spectral data of compound 2 were also compared with those of harpagoside, an iridoid glucoside isolated from Scrophularia koraiensis, 11) which showed a close resemblance with an additional methoxyl group at positions 6 and a different configuration of H-9 and H-1. The structure of compound 2 was thus elucidated to be 5-O-b-hydroxy-8-Ob -trans-cinnamoyl-8a -methyl-1a ,6a ,7,9a -tetrahydro-2-oxaind-3-ene-1-O-b-D-glucopyranoside and has been designated as harpagoside-B.
The other compounds were also characterized by spectral analysis and compared with the reported values, whereupon compound 3 was identified as 6 
-O-[(2Љ,4Љ-di-O-acetyl-3Љ-Otrans-cinnamoyl)-a-L-rhamnopyranosyl]-catalpol, designated as scropolioside-D isolated from S. ilwensis,
3) 4 as 6-O-[2Љ,3Љ-dicinnamoyl-4Љ-acetyl-a-L-rhamnopyranosyl]-catalpol, called koelzioside isolated from S. koelzii, 4) and 5 as 8-Oacetyl harpagide isolated from Melittis melissophylum.
5)
Biological Activity The isolated iridoid glycosides were also screened for their antidiabetic, antiinflammatory and hypoglycemic activity. No significant hypoglycemic activity was observed. Antidiabetic and antiinflammatory effects were obtained in the test compounds and hence are described here.
Anti-diabetic Activity The results are presented in Table 3 . The blood sugar was increased from its normal value harpagoside-B (2) (1.02%) showed the least activity. The SAR was also established, and compounds containing one cinnamoyl moiety at C-3Љ as in scropolioside-D (3) had greater activity. The introduction of one more cinnamoyl moiety in place of the acetyl unit at C-4Љ as in koelzioside (4) resulted in a decrease in activity. The introduction of an acetyl group at C-6 as found in scropolioside-D 2 (1) further decreased the activity in an epoxy series. On the other hand, an acetyl group at C-8 as found in 8-O-acetyl harpagide (5) is necessary for significant antidiabetic activity, whereas the replacement of the acetyl group with a cinnamoyl unit as obtained in harpagoside-B lost the activity in a non-epoxy series of iridoid glycosides.
Antiinflammatory Activity The results are presented in Table 4 . The iridoid glycosides decreased edema in the range of 23 to 30% at a dose of 10 mg/kg after 3 h with respect to the control group treated only with carrageenan, while the standard drug phenylbutazone showed a 60% decrease at a dose of 100 mg/kg, which indicated that the test drugs had moderate antiinflammatory activity. Harpagoside-B 2 (30% decrease) and koelzioside 4 (26% decrease) were most active. It may therefore be concluded that compounds containing a cinnamoyl moiety as found in harpagoside-B (2) at C-8, and in koelzioside (4) at C-4Љ in place of acetyl groups as present in 8-O-acetyl-harpagide (5), and in scropolioside-D (3) and scropolioside-D 2 (1) have significant activity. The introduction of a methyl group at C 6 -OH might also enhance the activity. However, more examples are required to determine the detailed SAR.
MATERIALS AND METHODS
Melting points were determined on a Metler 9100 Electro thermal apparatus using the open capillary method. The IR spectra were recorded as KBr pellets on a PYE UNICAM Spectrophotometer; UV spectra on a UV-160 IPC UV-Vis Spectrophotometer; optical rotation on a Perkin-Elmer 241 MC Polarimeter; mass spectra on a Finnegan MAT 300 mass spectrometer;
1 H-(500 MHz), 13 Extraction and Isolation Air-dried aerial parts (2.0 kg) were crushed to coarse powder and extracted with 95% alcohol (5ϫ2.0 l) by cold percolation. The alcoholic extract was concentrated under reduced pressure to obtain a viscous mass (300 g), then extracted three times with petroleum ether (1.0 l) to give a petroleum ether extract (62.3 g) and a residue (210 g). The latter was dissolved in 5% MeOH in CH 2 Cl 2 (2ϫ1.0 l) to give CH 2 Cl 2 extract (32 g) and a residue (172 g), which was dissolved in hot CH 3 CN (0.5 l) and filtered to give a CH 3 CN extract (30.5 g). Both CH 3 CN and CH 2 Cl 2 extracts were mixed together (62.5 g) and subjected to flash chromatography (1200 g silica gel 60) using CH 2 Cl 2 -MeOH gradient elution to afford the following fractions:
(1) Eluate (CH 2 Cl 2 -MeOH, 4 : 1, 600 mg) was rechromatographed on a chromatotron using 5% MeOH in CHCl 3   466 Vol. 26, No. 4 , and guidelines issued by the Science and International Affairs Bureau of the Japanese Ministry of Education, Science, Sports and Culture. Male Swiss-Albino mice weighing 25-30 g, and Wistar rats of either sex weighing 200-250 g were used to determine the antidiabetic and antiinflammatory activity, respectively. The animals were maintained at 23Ϯ2°C with a 12-h light and dark cycle, fed a Purina rat chow diet supplied by Grain Silos and Flour Mills Organization, Riyadh, Saudi Arabia, and had free access to food and water.
Determinations of Antidiabetic Activity Six animals were used in each group. The initial blood glucose levels were determined after 18-h fasting (blood withdrawn from retro orbital plexus), and then the animals were given a single intravenous injection of alloxan at a dose of 75 mg/kg with freshly prepared physiological saline using the method reported by Lundquist and Rerup. 15) The animals showing blood glucose levels Ͼ200 mg/dl 72 h after alloxan treatment were selected for the present study. The test compounds suspended in distilled water were given orally at a dose of 10 mg/kg. The fasting blood glucose levels were then monitored at time 0 (before drug), and 1 and 2 h along with untreated controls. The blood glucose was estimated by method of Nelson as described by Ashwell. 16) The reduction in blood sugar level in comparison to that of untreated controls was taken as antidiabetic activity.
Determinations of Antiinflammatory Activity Six rats each were allotted to different treatment groups. Edema was induced in the rats by injecting carrageenan (0.05 ml, 1% w/v in normal saline) into the subplantar tissue of the right hind paw using the method of Winter et al. 17) Paw volume (ml) was measured with a plethysmometer (7140, Ugo Basile) before carrageenan injection and 0, 1, 2, and 3 h thereafter. The edema was reported as the difference between the initial and final volume. The antiinflammatory effect was expressed as the percentage inhibition compared with vehicle-treated animals with respect to a reference group treated with phenylbutazone (100 mg/kg). The test compounds (10 mg/kg) with distilled water (0.1 ml/100 g rat) were administered orally 1 h before injection of the phlogistic agent.
